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PHOTOGRAPHY SCIENTIFICALLY INTERPRETED 
CHEMICAL AND PHYSICAL CONSIDERATIONS. 
BY DR. LUDWIG W. GUENTHER. 
EVERYBODY who has even once ·taken a photograph or 
printed a negative has in se doing, perhaps uncon­
sciously, brought into play a series of photochemical 
laws. At his first Glttempts he no doubt experienced 
some anxiety about having made the proper exposure, 
for this is, of course, the alpha and omega of all pho­
tographic processes. Too short an exposure will cause 
some details to be misbed, too long an exposure will 
destroy contrasts. It is a matter of common knowl­
edge that the negative must be developed and fixed in 
))rder to bring out and render permanent the invisible, 
latent image. In this development lies the immense 
value of Daguerre's and Talbot's invention with which 
they surprised the world seventy years ago (1839), and 
in this point is found the radical superiority of their 
method over all previous experiments in which the 
copying or "printing" of pictures had been accomplish- . 
ed, but never direct exposure in a camera. Before 
Daguerre and T'albot, exposure was continued until the 
image was visible in all its details, and this, of course, 
required infinitely more time than when the work of 
light was assisted or completed by a chemical reac­
tion. The original discoverer of the fact that silver 
salts are sensitive to light was a German, Professor 
Schulze, of Halle. 
The science dealing with the chemical reactions due 
to the influence of light is called photochemistry. We 
are always performing photochemical operations when 
we are doing photographic work, only in that case the 
scientific phase is less prominent than the artistic 
phase of picture-making: science becomes the hand­
maid ,of practical work. This ought not to be so, for 
without science we should not have attained the pres­
ent perfeCtion. 
When we make a positive from a negative by means 
of a printing-out paper, such as aristo (gelatine) paper, 
collodion paper, or albumen paper, we can follow the 
process readily; sooner or later we reach the moment 
when we say, "That will do," and remove the printing 
frame from the light. This "enough" indicates the 
maximum of the process, the desired photochemical ef­
fect. What does it depend on? On light alone? No, 
it also depends on the length of exposure. Intuitively 
we use� a shorter exposure if the ,light is strong and a 
longer one if the light is weak, that is to say the 
length of exposure will depend on the strength (inten­
sity) of the light. We thus obtain the law of photo­
chemical reciprocity, discovered by Bunsen and Ros­
coe about the middle of the last century and enunciated 
as follows: The photochemical effect E is in direct 
ratio to the product of light intensity I multiplied by 
length of exposure t, that is E = It. From this law it 
follows that if we have a constant source of light and 
desire to print negatives of different density, we must 
expose the longer, the denser the negative happens to 
be; or, conversely, if prints of the same quality are de­
sired after a constant length of exposure, the denser 
negative will have to be exposed to light of greater 
intensity. This is a condition the busy photographer 
will often have to face. He will meet it either by plac- , 
ing the denser negatives nearer to the lamp or other 
source of light; or he may put one or more layers of 
tissue paper over the thinner negatives. 
It is not difficult to onserve this rule when using 
printing-out paper which, as stated above, allows th� 
progress of printing to be watched; it is less easy to 
do this with paper for printing by gas light, a develop­
ing paper, the sensitiveness of which is low enough to 
allow it to be handled by the light of a gas burner or 
kerosene lamp, as long as the paper is not brought too 
near the light; the greatest difficulty, of course, is 
experienced with the highly sensitive dry plates. All 
sorts of .apparatus have been recommended for accu­
rately establishing the equilibrium between light in­
tensity and length of exposure; the old infallible ac­
tinometer, the new ones devised by Hyde and Plaubel. 
the Agfa exposure table and Staeble's exposure table, 
they all serve this purpose, without however relieving 
the amateur of the final delicate estimating. 
The relations between light intensity and length of 
exposure have found a practical application in a case 
where the keenest eye would have failed, even when 
assIsted by the best instruments; in astronomy. By 
substituting a camera for the eye-piece of one of our 
modern giant telescopes, even very faint stars may 
be photographed under a prolongea exposure. In this 
work a leading part has been taken by the Heidelberg 
Astrophysical Institute, under the direction of Profes­
sor Max Wolf. 
There is, however, a lower limit of light intensity 
below which even the longest exposure will have no ef­
fect. This limit is called the critical value of the sen­
sitive plate. 
For practical purposes it is of the utmost importance 
to know the sensitiveness of a plate, or, more properly 
speaking, its maximum sensitiveness. This is the 
function of sensitometry, a science also founded by 
Bunsen and Roscoe and developed to its modern con­
dition by Vogel, Eder, Warnercke and Scheiner. The 
sensitive plate is exposed for a predetermined length 
of time in streaks or stripes; the sensitive layer being 
covered with a glass plate having squares differing as 
to perviousness to light and suitably numbered. The 
simplest way of producing these squares is to cut 
out <l'f tissue paper strips of the same width but dif­
ferent length, and superposing these with one end in 
registry so that the other end will overlap in step­
wise fashion. The last (highest) number just faintly 
visible after strong development is the degree of sen­
sitiveness in units of the particular scale adopted, 
such as Scheiner's or Warnercke's. This kind of sensi­
tometry is successfully applicable only to highly sensi­
tive plates and to diapositive plates, but not to ortho­
chromatic plates. With the latter, it is necessary to 
resort to a supplementary spectro-photographic deter­
mination. 
Working with highly sensitive plates is especially 
difficult because the allowable deviation from the ab­
soM.ely correct length of exposure becomes less and 
less as sensitiveness is increased. A most reliable 
plate for amateurs, where snapshots are not intended, 
is the silver eosin plate of Vogel and Obernetter, 
manufactured by Otto Perutz of Munich. 
This silver eosin plate is the direct result of a 
very remarkable invention of H. W. Vogel, which cul­
minates in the possibility of rendering silver bromid 
(the sensitive material of dry plates) sensitive to' all 
light rays of the spectrum, that is ,to say, orthochro­
matic, whereas hitherto silver bromid would be affected 
only by the blue, violet, and ultra-violet rays. These 
rays were formerly known as chemical rays, and are 
still referred to as such sometimes, but imprpperly. 
The statement of this invention leads us to another 
photochemical law, the so-called law of absorption, first 
perceived by Grothuss, and definitely formulated by 
Draper. Of what avail is the very strongest exposure 
if the light rays are not absorbed so as to exert a 
chemical action? Who knows what bodies sensitive to 
light may yet be discovered if we only learn to make 
them sensitive to light, to sensitize them optically? 
Sensitizing is accomplished by dipping the plate in 
dilute solutions of coloring matters, for instance eosin. 
In all photochemical processes there must be work 
done by light; it must vanish as such and re-appear in 
a different form, for instance, as heat, electricity, or 
chemical decomposition. In the last-named case we 
are dealing with the so-called photochemical extructlon 
(extinguishing) . 
Another law is that of photochemical induction; it 
requires a certain amount of preliminary or inductive 
exposure before the starting of the chemical process. 
As a matter of fact, if a dry plate is exposed for a very 
short time to diffuse light or to red light, its sensi­
tiveness is increased materially. Incidentally, it may 
be noted that a similar effect may be produced by the 
action of heat. 
It is not immaterial, however, whether we employ 
a single long exposure or a series of very short ex­
posures of an aggregate length equal to the long ex­
posure. The result will not be the same, but in the 
later case (of the intermittent exposure) under-ex­
posure will be observed and it would seem as if the 
plate after each light impulse found time to recover 
and to go back toward its original condition. This re­
turn of the plate was ascertained after a lapse of sev­
eral years even with plates which had received the 
proper length of exposure. 
The developing process itself, which brings to view 
the latent image, the initially invisible light impres­
sion, really leads to the same final result as a 
long exposure continued until the image is fully 
Yisible; in one case as in the other silver, that is 
dark silver, is precipitated from the white silver 
chlorid or silver bromid. Chi orin or bromin escapes as 
a gas. In the printing-ou't process and in developing 
as well, chlorin and bromin combine chemically; yet 
there is a material difference between the two pro­
cesses. The printing-out process may be considered 
a typical case of a reaction proceeding in the presence 
of light; the developing process, on the other hand is a 
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tYllical case of reaction proceeding in the dark. With 
the aid of development we are able to imitate arti­
ficially, even under complete exclusion of light, the 
light-process of printing-out and its products. 
The relation between reaction in the presence of 
light and reaction proceeding in the dark is particu­
larly instructive in cases where the process is re­
versible or cyclic. SUPPOS(: we take, say silver chlorid 
and put equal quantities in glass vessels of equal 
volumes, exhaust the air from some of these vessels 
to differant degrees and fill others with air under 
various pressures, carefully seal both kinds of ves­
sels and expose them to light for the same length of 
time simultaneously with other,. unsealed vessels and 
some seaied under atmospheric pressure; the dark­
ening of the silver chlorid wiB be a measure for its 
chemical decomposition by the action of light; or in 
other words, for the work done by the light. We shall 
find that the substances enclosed in exhausted vessels 
have become darkest, the more so the greater the 
vacuum. With the substance held under pressure, the 
darkening decreases with the increase of pressure. 
The unsealed vessels we shall consider standard ves­
sels. If then we bring all tlie vessels back into the 
dark we shall find after some time that in some cases 
the darkening effect has disappeared partly, the sub­
stances sealed under increased pressure ha,'e again be­
come quite white, while those under a vacuum have 
only become somewhat lighter in color. The substances 
in the open vessels have remained unaltered (dark), 
for in this case the liberated chlorin has escaped into 
the surrounding air, and the process is no longer 
reversible. 
How sball we explain this phenomenon? Light de­
composes the silver chlorid and chlorin is liberated as 
a gas to the extent it is able to overcome atmospheric 
pressure. It is, therefore, readily understood that de­
composition proceeds more quickly and farther in the 
exhausted vessels than in those under increased pres­
sure. The liberation of chi orin will continue until 
the dissociation pressure of chlorin, produced by the 
action of light above the silver chlorid, reaches a cer­
tain maximum value. We then have a condition of 
light-equilibrium which can be altered by changing the 
intensity of light. If we remoye the light energy, the 
pressure will force chlorin back into re-combination 
with silver until the equilibrium in the dark is re­
stored, and this takes place most rapidly and most 
completely under increased pressure. 
Chemical pressure may be substituted for the me­
chanical or physical pressure of the example given 
above. Thus these chemical senSitizers, for instance 
absorptives of chlorin, such as silver nitral, tannin, etc., 
the addition of which to silver chlorid diminishes the 
dissolution pressure of chlorin, and on the other hand 
oxidizing bodies, chlorin and the like, will increase this 
pressure. With the "Rembrand" printing-out paper, 
which contains a chromate, the decomposition: or dark­
ening process is retarded appreciably. This paper is 
used to obtain good prints from weak negatives. 
The doctrine of equilibrium conditions during chem­
ical re;;tctions is termed the law of chemical mass 
effect. 
Only the reversible cyclic process enables us to ac­
curately measure the work done by any energy, such 
as that of light, by determining the pressure which 
is required to prevent a certain work, as in the case of 
light, the darkening of silver chlorid. 
E. Becquerel's photo-electric <oell is a much more ac­
curate instrument for measuring photochemical de­
composition. As electrodes, the means for converting 
luminous energy into electrical energy, we use bright 
"heet silver plates, dipped for an instant into a solu­
tion giving off chlorin, for example, a solution of 
chlorin, or one containing mercury chlorid or cop­
per chlorid; this causes the plates to become cov­
ered with a thin film of silver subchlorid, which 
is dark and sensitive to light. The electrodes are 
placed in a conducting liquid, such as a solution of 
common salt. If the two electrodes are connected, 
and a galvanometer included in this connection then 
by exposing one electrOde' to light while the other is 
protected by an interposed dark screen, a current 
will be generated and indicated by the deviation of 
the galvanometer needle. At the exposed electrod'· 
chlorin is liberated, which travels to th� unexposed 
electrode and there gives off its electrical charge, 
which returns to the first electrode through the con· 
n�cting wire, thus produoing the electric current. As 
soon as the pressure of light ceas,es, the chi orin stored 
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at the' unexposed electrode returns by a diffusion pro­
cess, and a current of opposite direction flows in the 
dark. Luther has based some interesting experiments 
upon these observations. 
We still have to answer the question: What is the 
nature of the photochemical effect? If we are dealing 
with stable substances which have been formed under 
considerable evolution of energy (heat), that is, bodies 
containing stored energy, we have to do work against 
this energy, the so-called chemical affinity, and this 
work must be at least equal to the heat developed. 
'rhis is the case when silver chlorid is decomposed. 
There also exist compounds undergoing slow spon­
taneous decomposition, as the chromated gelatine 
used in pigment printing; in this case the action of 
light will accelerate decomposition. Finally, light is 
capable of starting reactions, that is, it will enable 
some other energy to act and to carry the process to 
completion. The short preliminary exposure of dry 
plates followed by the chemical reaction of development 
may be cited as an instance of this third type. 
Now, what is the essence of the chemical action of 
light? As we attack this question, we have to admit 
at the outset that only hypotheses can be offered. 
The action of light has been considered a catalytic 
one; among others, Wilhelm Ostwald has championed 
this explanation. Catalysis is a theory developed by 
physical chemistry to account for the peculiar effect 
of certain bodies, such as finely-divided metals, bac­
teria, etc., which in very· small quantities will suffice 
to bring about a reaction between unlimited amounts 
of other substances. Finely divided platinum, so-call­
ed platinum sponge, is capable of causing the other­
wise stable mixture of hydrogen and oxygen to com­
bine just as a spark would do. To consider light as a 
catalytic agent is according to K. Schaum open only 
to one objection, which is that a catalytic agent al­
ways remains unaltered, whereas light is destroyed, or 
rather converted into chemical energy. Other scien­
tists, as Eder and Quincke, have suggested a vibration 
of the particles of the sensitive molecule in uni"son 
with the light. As a matter of fact, light is energy 
of motion and is well able to disrupt the complex of 
atoms by continued impact. 
Nernst and Arrhenius have attempted explanations 
based upon the electro-m.agnetic theory of light. 
What factors govern the absorption of luminous 
rays? Not the least important factor is the color of the 
article exposed to light. Let us look at the leaf of 
a tree; it appears green. Why? Because, from the 
spectrum of white light, it absorbs all red rays, but re­
flects the others, which together form green. This 
general physical explanation of the nature of color 
finds its complement in the observation that red light 
is most favorable to the assimilation of carbon, the 
important chemical process which enables a plant to 
grow. Green light, however, is just as incapable of 
maintaining plant life as darkness, the total �bsence 
of light. 
Whereas in the case just explained colored light 
leads to the formation of a substance of a complemen­
tary color (chlorophyll), there are bodies which as­
sume colors corresponding to those of the light falling 
upon them. Silver chlorid may serve as an example, 
cspecially if it has become dark by exposure to light. 
illxperiments may be made readily with silver chlorid 
(printing-out) papers found on the market, only the 
exposure should be long enough. Under a red glass 
the silver chlorid, which was first of a dark brownish 
violet, becomes red, and this again blue if exposed 
under a blue glass, and so forth. Why this apparent 
contradiction of the facts first explained? The answer 
is given by Professor Wiener's theory of substances 
sensitive to light absorptively. Such substa1\ces are 
mixtures of the most varied light-sensitive coloring 
matters. Those that best reflect the light to which 
the substance is exposed, that is, those of the same 
color as the light, are preserved; all those of a dif­
ferent color are destroyed more or less, most of all 
those of the complementary color; that is, the green 
coloring matters, in the case of red light. The final 
result is a color similar to that of the light. The 
author has succeeded in producing by a purely chem­
ical process, various coloring matters of the hypo­
thetical mixture of coloring matters, thus confirmin'g 
Wiener's theory. 
As interesting as photochemical investigations may 
be, they are difficult to conduct; results may be com­
pletely altered by a number of factors which often ap­
pear to be of very inferior importance, and thus a sec­
ond investigator may frequently find quite different 
ref,ults from the first. This one assertion, however, 
I may make without being charged with unwarranted 
confidence: 
That photochemistry has a great future, and more 
particularly the organic reactions offer great interest 
from the point of view of the physiologist and of the 
biochemist. If in our rem-arks we have gone a round­
about way and spoken first of inorganic reactions, this 
has been doue because these reactions permit of a 
more readily understood explanation in view of the 
well-known photographic processes.-Umschau. 
�NGINEERING NOTES. 
The Connecticut River bridge at Hartford, over 
which traffic is now and has been passing since No­
vember of last year, is one of the most attractive 
stone structures in this country, and for thIs reason 
the report that cracks have appeared in several parts 
of it has attracted considerable attention. As a mat­
ter of fact, there are no cracks in the bridge proper, 
save such as are apt to occur in the pointing due to 
temperature cracks that must be expected in nearly 
a quarter of a mile of continuous masonry. The piers 
for the bridge are all founded on rock, except that of 
the east abutment, which is heavily piled, and all of 
these piers may be regarded as solid as they can be 
made by modern engineering. Cracks have developed, 
nowever, In the easterly north wing wall, a continua 
t,ion of the last arch spandrel wall, despite the precau· 
tic,n taken to excessively load the wall before the cop­
mg was put on, whIch has held nearly two years with­
out developing any crack in the wall. There is no 
theory at which the engineers can arrive to account for 
the bad crack opening up after the completion of the 
work. This wall has a separate foundation from that 
of the abutment, on sufficient piles, cut off about 8 feet 
higher than those in the abutment. It is a matter 
of no serious moment, being simply a wall less tllan 5Q 
feet long, and at worst can be readily relaid without 
affecting the bridge, with which it has nothing to do. 
On the west side, high retaining walls flank the abut­
ment on either side of it, and at right angles thereto 
the north flank is not yet built. The south flank is en­
tirely a separate structure from the bridge, the abut­
ment of which is on rock. The wing wall is on piles, 
and a so-called crack shows up between the wall and 
the abutment, between which there is no bond, as 
there never should be between a pier and a wing 
founded on different bottoms, or with different pres­
sures. The separation crack between this wall and the 
abutment is a mere matter of repainting when con­
venient.-Engineering Record. 
A change in signaling, consisting of a new position 
of the signal arm for "proceed" has been adopted as 
standard by the Baltimore and Ohio Railway, and will 
be used in all future installations. The new position, 
instead of being below the horizontal, as heretofore, is 
above. No change, however, has been made in the stop 
indication, the arm being horizontal, or at right angles 
to the mast. The "proceed, caution" indication is given 
by the arm in the 45 degree position above the hori­
zontal, as compared with a similar position below the 
horizontal under the old method. The "proceed, clear" 
indication is given by the arm in the vertical posi­
tion outs!de the line of the mast above the horizontal, 
whereas under the old method this sign was indicated 
by a similar position below the horizontal. The operat­
ing officials believe that the upper quadrant system 
provides a more distinct aspect than under the old 
method. The first test of the new method was begun 
about three years ago, and though a large number of 
installations of this type of signal has been made dur­
ing the past two years, it was not finally adopted as 
standard until recently. 
Mexico, states a contemporary, holds the flfth 
position in the production of quicksilver in the 
world, but falls short by a considerable amount of 
producing enough to supply the home market. Prior 
to the introduction of the cyanide process for the treat­
ment of the silver ores the importation of quicksilver, 
known in the Spanish as "as ague," was very heavy, 
and the l:ecessity of having this metal for the patio 
process was so great that the Government removed all 
taxes on quicksilver mining, both federal and state, 
and provided for the free admission of quicksilver 
into the country. T'his same law is enforced to-day, 
and is ant) of tne causes stimulating the new develop­
ments in the Mexico quicksilver districts. The falling 
off of production in other parts of the world has turned 
attention to the Mexican districts, and the prospects 
of greater activity in quicksilver mining in Mexico 
are very good. 
The compressive strebgth of concrete when rein­
forced with separate transverse ties or iron wire ar­
ranged in lattice form, and when mixed with scraps of 
iron wire, has been investigated by Mr. W. P. Nekras­
sow, of St. Petersburg. He reported to the Copenhagen 
Congress of the International Association for Testing 
Materials that when the wires of the lattice are from 
4 mm. to 3 mm. or less in diameter, the increased re­
sistance to crushing is in every case as great as that 
of hoops. The same is true with scraps of iron wire 
when they are 0.5 mm. to 0.25 mm. in diameter. 
The first section of the Shanghai-Hangchow-Ningpo 
Railway, which extends from Shanghai to Fengch'ing, 
a distance of 38 miles, was opened for traffic oil May 
30th last. This line was built under Chinese engin­
eers. The preliminary survey of the line was made 
in the winter of 1907. There are 10 stations and 48 
steel bridges on this section. The longest bridges have 
spans of 440 feet, 400 feet and 200 feet, respectively. 
The average cost of construction was $35,000 per mile. 
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TRADE NOTES AND FORMULA:.. 
Simple Reliable Black Stain for Brass.-Over 50 
parts of carbonate of copper (commercial), pour 350 
parts of 10 per cent spirits of sal ammoniac and allow 
it to stand in a dark colored, closed bottle, over night. 
Some carbonate of copper must remain undissolved ('We 
may possibly have to add some to insure this). The 
whole is diluted with 25 parts of water and is then 
ready for use. The brass object to be colored black 
must be scoured absolutely free from grease; it is 
best to beat it to redness, boil it out and pickle it, 
in the "bright dip.". Then rinse it well and lay it 
for 3 to 5 minutes in the black stain. T'he object will 
at first turn bluish, then brown, finally deep black, 
as if oxidized. At this stage it should be removed; if 
allowed to remain longer in the stain, the fine color 
will disappear. Then dry it at once in sawdust and 
zaponize the object (i. e. cover it with celluloid var­
nish). After a long time the stain becomes inoper­
ative, but otherwise, if the object has been well 
scoured, it is ·reliable. 
Angostura Bitters (formula of Siegert) .-Cloves, 3 
parts, angelica root 3 parts, ginger root 3 parts, gal­
an gal root 15 parts, gentien root 15 parts, zedvary 
root 15 parts, small cardamoms 20 parts, cassia 20 
parts, bitter orange peel 25 parts, tonka beans 80 
parts, red sandal wood 80 parts, brown Peruvian bark 
100 parts. Coarsely crush and cut all the ingredients 
and extract for 15 days with 5,000 parts of 60 per cent 
alcohol; press, strain and filter. Then add 200 parts 
of sugar color, 500 parts of Malaga wine and after 
settling filter again.-Barsch, Chern. Tech. Lexikon. 
Finish for Leather.-a. 125 parts brown shellac, is 
dissolved in a boiling solution of 26 parts of borax and 
3 parts of caustic potash, the powdered shellac having 
been previously moistened with a little ammonia. b. 
56 parts of logwood extract solution of 30 deg. B. 
(approximately 400 parts of extract per 1,000 parts), 
10 parts glycerine, 10 to 20 parts of aniline black and 
methyl blue, dissolved in 300 parts of water. Mix this 
with the shellac solution, add a mixture of 50 parts of 
pyrolignate of iron at 20 deg. B and 90 parts of water 
and add a little oil of mibrane and oil of thyme. 
Amalgamating salt in fluid form is prepared (a) by 
dissolving 1 part quicksilver in a mixture of 1 part 
nitric acid and 3 parts hydrochloric acid. The solu­
tion is effected in a porcelain dish in the sand-bath, 
under a well ventilated roof, attached, like a forge 
hood, to the chimney. (b) Dissolve 8 parts commer­
cial corrosive sublimate in 100 parts of water and add 
10 parts of hydrochloric acid. Dip the zinc pieces in 
for an instant, rinse them and brush them off. (May 
be applied with either a sponge or a brush; never 
touch with the naked hands.) 
Aluminium Rronze Alloy.-a. 90 parts copper, 10 
parts aluminum, 1/6 per cent of an alloy of 20 parts 
nickel, 20 parts copper, 30 parts tin, and 7 parts 
aluminum. b. Copper plate is electrolytically coated 
with 1 to 10 per cent of aluminum, then melted together 
with 1 per cent of the following alloy: AlIoy-20 parts 
nickel, 2 parts copper, melted under a layer of char­
coal, next, another 18 parts of copper mixed in. Stir 
up with an earthenware stirrer 53 parts tin and finally 
7 parts of aluminum to be added. Cast in bars. 
Acid Varnish for Heater.-Gall nuts 200 parts, log­
wood 30 parts, water 200 parts are boiled for two hours, 
the evaporated water being replaced from time to time; 
fhen pass it through a filter. In the filtrate dissolve 
40 parts of green vitriol and 200 parts of brown syrup 
and boil the fluid again until it begins to thicken 
Then add a solution of 10 parts of shellac in 30 parts 
of strong spirits. Mqst be kept in tightly closed bot­
tles. 
Paint That Will Stand Dampness. -a 2 parts coal 
tar, 2 parts pitch and 1 part of a mixture of burned 
lime and rosin are to be melted together and while 
warm applied several times to the thoroughly dried 
wood. The last coat to be sanded before it is com­
pletely dry. b. Melt 12 parts of rosin in an iron kettle, 
mix and when these ingredients are fluid add as much 
ocher or um3er as may be necessary to make the 
mixture cover. Then dip the brush in it and coat the 
object as thinly as possible, repeating the application 
in a few days. 
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